, as well as Monte Carlo particle tracking methods [e.g., Berger et al., 1970: Cicerone and Bowhill, 1971 ; Solomon, 19931 . [Sanatani and Hanson, 1970; Nagy and Banks, 1970] , and later studies calculated the differential transparency of the plasmasphere [Takahashi, 1973; Swartz et al., 1975; Lejeune and WOrmser, 1976; Khazanov et al., 1979b] . The PE uistribution function in the plasmasphere was eventually calculated [Mantas et al., 1978; Lejeune, 1979; Polyakov et al., 1979; Khazanov et al., 1992] , but these were steady state calculations based on sepa- et al., 1996] . This study showed that this population requires many hours to reach a steady state level in the magnetosphere. 1971; Eather et al., 1976; Hultqvist et al., 1981; Arnoldy, 1986; McComas et al., 1993; Birn et al., 1997] . Enhancements in geomagnetic activity cause this boundary to move in closer to the Earth, and there have been numerous observational and theoretical studie_ on the motion of electrons in this injection front toward the Earth near local midnight [e.g., Roederer, 1970; Barfield et al., 1977; Ejiri, 1978; Ejiri et al., 1978 Ejiri et al., , 1980 Kaye and Kivelson, 1979; Moore et at., 1981; Moore and Arnoldy, 1982; Arnoldy and Moore, 1983; Kerns et al., 1994; Burke et al., 1995; Liemohn et al., 1998] , 1982; Koons and Fennell, 1983; Arnoldy, 1986] . A strong incr,-ase in the intensity of !he low-energy fluxes during injections has also been observed [Ejiri et al., 1980] . One observation of injected
PSEs showed the formation of a banded energy structure in the captured ekctrons [Burke et al., 1995] . et al., 1995] will also be further examir ed with this combined distribution function.
Model Description
The rood _l for this study to calculate the superthermal electron distril:ation function in the ionosphere-plasmasphere system is based on coupling two of our existing models: our field-alignec and bounce-averaged transport codes. Below is a brief outline of the modeling procedure for each approach, which involves discretJzing the derivatives on a phase space grid and solving for f. A comprehensive description has been given previously for both the field-aligned model [Khazanov et al., 1994; Khazanov and Liemohn, 1995; Liemohn et al., 1997a] and for the bounce-averaged model [Fok et al., 1993; Jordanova et al., 1996; Khazanov et al., 1996] . This also allows for many points at low-energies to capture the fine structure in this region, while simultaneously supplying, reasonable number of grid points at high energies.
The numbei" of energy steps ranged from 65 to 75 for the simulations pre_ented below.
The linearized Fokker-Planck collision operator will be used for the Coulomb interactions in (1) and (2) 
Low-Energy Limit of the Combined Model

Desared Low-Energy Limit
To determine the desired low-energy limit, we will compare the superthcrmal electron energy spectra with that of a typical thermal electron distribution Figure 1 shows pitch angle averaged flux¢s for these two populations (thermal and nontherreal electro_s) at two altitudes along an L=4 field line, in units of(cm2eV. _ sr) l. The superthermal spectra is from a typical photoelectr_,n source, and the fluxes have been averaged over pitch angle for comparison with the thermal plasma spectra, which is assumed to be an isotropic Maxwellian, Table  1 . 
where H e is the scale height of the electron distribution, n e is the total electron density, and A=2rte41nA=2.6xl0 12 cm2eV 2.
From (3), we get Eb=(AneHe) 1/2, For the same L=4 field line used in Figure 1 , E/, is 2.3 eV at 800 km and 3.7 eV at the equa- During the initial stages of transport through a flux x_ tube, this is clearly not the case, but once this initial front of -..5.3 particles has traversed the flux tube, the variation along the field line is greatly reduced [Khazanov and Liemohn, 1995; 2 Liemohn et al., 1997a] . It is in this "quasi-steady-state" limit where transient flows have settled that the validity of (2) will be explored.
The spatial variation of the distribution function along the 4 field line for a given equatorial pitch angle is proportional to the bounce path length for that pitch angle.
Therefore, the most field-aligned variation in the trapped zone occurs at its _ .3 interface with the fly-through zone (_xt,). Also, (1) and (2) should yield the same distribution function at at, because it is 2 shared by both velocity space regions. Table 2 . A heavy dashed line at unity is shown for reference. 
Plots of (7) The distribution function ratio is the value of fat the loss cone boundary at 800 km to that at the equatorial plane.
The thermal plasma densities used are given in Table 2 along with the magnetic field ratio and the equatorial pitch angle of the loss conetrapped zone boundary obb (and its cosine, /20b). Figure  2 shows that thefb ratios are quite reasonable down to the desired low-energy limit (the 4 eV values listed in 
Photoelectron Distribution Function Formation
As discussed above, the linearity of (t) and (2) affirms that the distribution functions from the various source terms can be calculated independently, and then summed at the end to show the combined result. The PE source will be discussed first, followed by the PSE source term. Figure 3a , the spectra agree closely for most of the energy range. Figure  4 . The low-energy range below 5 eV is sloped upward due to Coulomb collisional damping, the production peaks visible in Figure 3 are essentially washed out into a single increase in flux near 25 eV, and the Auger peaks at 360 and 500 eV are quite distinguishable.
The production spectrum drops off rapidly above 500 eV be- and Smith, 1978] , and the stability of these peaks have been debated as a source of plasma waves [Butvin et al., 1975; Kudryashev et al., 1979; lvanov et al., 1980 , 1982 . Because we are focusing on the global formation and evolution of the distribution function rather than the possible instabilities, a reasonably large energy step was chosen. Here and elsewhere, the axis label "flux" refers to differential number flux in (eV cm 2 s sr) 1. The pitch angle distributions at the spatial locations of > Figure 5 are shown in Figure 6 for the time-converged results. _ _°°O n the dayside, it is clear that the trapped zone for low-energy 7 _-_ electrons is filled in more than the higher energies. On the lo '4 nightside, the low-energy fluxes are nearly isotropic in the _o_ trapped zone. This is not the case at higher energies. In the >_ '9_0 cV and 490 eV nightside distributions, there is a peak near g-_ _°°_ terms from thecalculation, theeffects ofeach driftprocess can beinvestigated. Figure 7 shows acomparison of thepitchangle distributionsforthree simulations atanightside spatial location in thePEband (MLT=0300, L=5 Not shown in Figure 7 are the other two simulations listed in Table 3 
Injectiorl of Plasma Sheet Electrons
For PSEs, _he various drift terms play an even more important role in tl e distribution function formation in the inner magnetospher_ because of the characteristics of the source population. F3r this reason, a real Kp history will be used for the baseline c _se, and then other simulations will be compared with this one :o examine the effects of the various processes. The models can assume any initial or boundary condition.
5.1.
For the PSEs, the injection flux is assumed to be an isotropic kappa distribution, which resembles a Maxwellian below the characteristic energy E 0 but transitions to a power law of 0o,:E -_" at higher energies. While the injected electrons sometimes have a characteristic energy up to a few keV [DeForest and Mcllwain, 1971 ; Eather et al., 1976; Evans and Moore, 197 9 ; Birn et al., 1997; Borovsky et al., 1997] , Christon et al. [1989] found that best fit values for electrons from ISEE 1 measurements during quiet times are h"=-6and E0=200 eV, and these values will be used in the present study.
The density of the injected electrons is taken to be 0.1 cm -3 [cf. Huzmg and Frank, 1986; Baumjohann et al., 1989; Christon et al., 1989; Birn et al., 1997] . At the beginning of each simulation (UT=0000 of 1/25/91), it is assumed that there are no PSEs inside of the simulation domain.
The geomagnetic activity level is a critical element in electron transport in the inner magnetosphere. [1995]) will be investigated. The Kp history for late January 1991 is shown in Figure  10 . [1997] showed that both the density and temperature of the electrons during an injection typically rise and then fall off. However, they fitted their distributions with a Maxwellian rather than a kappa distribution, while the changes in temperature are most likely due to enhancements in the tail of the distribution (as seen in their Figure 9) . A Maxwellian has a higher characteristic energy than a kappa distribution would need, and thus our choice of boundary condition is not unreasonable. Still, an increase in either _"or E 0 would decrease the number of electrons in the low energy range, and this could explain the absence of the low-energy band in the CRRES observations.
Plasma Sheet Electrons During the CRRES Observations
Using the Kp history in Figure 10 , the PSE injection into the inner magnetosphere can be simulated for the CRRES observations of the banded electron structure event. 
Analysis of Plasma Sheet Electron Transport
Some ana ysis has already been discussed, but here a comparison of ti_e results from the previous section with other simulations s presented. Figure  13 shows a comparison at L=4 and ML"=00 of three simulations at several times. The simulations ae described in of days [Liemohn et al., 1997a, b] , and the slow diffusion of particles into the loss cone is responsible for the slight degradation of the peak seen in Figure  11 . et al., 1988; Kozyra et al., 1990; Comfort et al., 1995] . The combined distribution function of superthermal electrons from these two sources is shown in Figure 16 throughout the CRRES observations at the 4 spatial locations discussed in Figure 15 (again at 90°and the LCB 
Combined Electron Distribution Function
